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Foreword
Mobile WiMAX: the Enabler for the Mobile Internet
Revolution
The Internet has become one the most important assets for the growth of economies across the
globe. More than a billion people use the Internet at their workplace and in their daily lives for
business interactions, social interactions and entertainment. The Internet has had a profound
effect on the economy of developed and developing nations having made economic activity
more efficient, accessible and affordable. Most of the productivity gains in today’s economies
are thanks to the Internet and ecommerce. There have been profound social impacts from
increased the access to valuable information and social interaction between the masses. The
impact is at many socioeconomic levels: business productivity, energy savings, healthcare
delivery, improved government functions, education, improved citizen interactions (locally
and globally), etc. Despite the benefits of the Internet, today only about 20% of the World’s
population have access to the Internet. In particular, the emerging countries that could benefit
greatly are seriously deprived of this valuable asset. There are a number of reasons for
the small number of users in the emerging countries: lack of infrastructure, affordability of
personal computers, unaffordable access fees, etc.
The next big step in the evolution of the Internet is ubiquitous availability enabled through
mobile Internet. This revolutionary step is poised to increase the value of the Internet
enormously as it will create a fundamental shift in the use of the Internet by bringing the
Internet to the users as opposed to users having to go to the Internet. For this vision to
become a reality, a number of requirements need to be met. First and foremost, affordable
and ubiquitous mobile Internet access needs to be provided using the mobile cellular concept.
This is poised to be fulfilled thanks to mobile WiMAX. Secondly, affordable and low-power
mobile Internet devices and mobile PCs are needed. This is also happening with the computer
industry making huge strides in making these devices more affordable. The low-cost netbook
category with examples such as the ASUS Eee PC and variety of small mobile PCs or
Mobile Internet Devices (MIDs) are now available and will undoubtedly become even more
affordable in the near future.
Mobile WiMAX has been designed with the purpose of enabling mobile Internet from the
physical layer to the network layer. The physical layer design relies on Orthogonal Frequency
Division Multiple Access (OFDMA) and Multiple Input Multiple Output (MIMO) as the
two key technologies to optimize coverage and spectral efficiency. In addition, sophisticated
techniques for link adaptation and error control provide improved performance and robust-
ness. Mobile WiMAX technology includes many other important aspects such as security
xxii FOREWORD
and power-saving methods, provisions for location-based services, support for hierarchical
deployments, quality-of-service, and open Internet user and network management schemes,
which are essential in enabling deployment and consumer adoption of the technology.
The Internet is dynamic by nature and is evolving rapidly on the application level and
creating ever-increasing demands on connectivity. Studies indicate that Internet traffic has
been doubling roughly every two years. Mobile Internet will undoubtedly change the Internet
as we know it today and may create even more traffic than ever anticipated. Mobile WiMAX
needs to evolve constantly to keep up with the growth of mobile Internet. The WiMAX
industry has already been working on the next technology in IEEE 802.16m to build the
basis for the next generation of mobile Internet.
This book provides the material that is essential to understand the underlying concepts
for mobile WiMAX and it also provides an overview of technologies that will enable the
evolution of the technology in the future. I sincerely hope that the book will further motivate
researchers and developers to create innovative ideas and techniques that will help fulfill the
promise of the new era of mobile Internet.
Siavash M. Alamouti, Intel Fellow
Chief Technology Officer, Mobile Wireless Group
Preface
The remarkable development of wireless and mobile communications in the last two
decades is a unique phenomenon in the history of technology. Even the most optimistic
predictions on penetration of mobile subscribers and capabilities of wireless devices have
been surpassed by reality. In a quarter of century the number of mobile subscribers soared
from a few to half the world population (in 2008), and according to some forecasts by
2010 the number of mobile users will exceed the number of toothbrush users (four billion).
The Wireless World Research Forum (WWRF) envisions that by year 2017 there will
be seven trillion wireless devices serving seven billion people. Two main development
directions in untethered communications can be identified, wide-area communications,
with the omnipresent cellular systems as the most representative example, and short-range
communications, involving an array of networking technologies for providing wireless
connectivity over short distances, for instance Wireless Local Area Networks (WLANs),
Wireless Personal Area Networks (WPANs), Wireless Body Area Networks (WBANs),
Wireless Sensor Networks (WSNs), Bluetooth, etc. Recent years have witnessed an enormous
growth in interest in the metropolitan wireless networks. This should not be a surprise, as in
2008, for the first time in history more than half of the world population lives in urban areas,
according to the United Nations Population Fund. WiMAX (Worldwide Interoperability for
Microwave Access) is the most representative worldwide initiative focusing on metropolitan
communications. WiMAX, based on the IEEE 802.16 standard, defines wireless networks
combining key characteristics of wide-area cellular networks as well as short-range networks,
namely mobility and high data throughput. IEEE 802.16 is a very active and rapidly evolving
standard that serves as the fundamental basis for WiMAX systems. Several amendments are
currently being developed addressing particular technical aspects or capabilities, including
802.16g, 802.16h, 802.16i, 802.16j, 802.16k and 802.16m. There are already several books
dealing with WiMAX technology, describing mostly the basic operating principles, current
standards and associated technical solutions. The current vertiginous developments in the
WiMAX arena have lead the Editors to conceive of this book, taking over where most
of the published WiMAX volumes left off, that is, looking in future directions. Leading
research scientists and engineers from key WiMAX industry, academia and research centers
worldwide have contributed to this book with their ideas, concepts, concrete technical
suggestions and visions.
As WiMAX as a whole encompasses a very broad area, it is impossible to find a
single author able to write in detail about a large array of advanced concepts and solutions
applicable at different system levels of WiMAX: the Editors have thus invited specialists
in the field to contribute with their ideas in different chapters. The goal of this book is
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Figure 1 WiMAX evolution: organization of the book.
to create concrete supportive links between the presented concepts and future metropolitan
communication systems, discussing technical solutions as well as novel identified scenarios,
business applications and visions that are likely to become integral parts of the future
WiMAX. Thus, this book tries to answer questions including the following. Which are the
emerging WiMAX technologies that are being developed? What are the new scenarios for
deploying WiMAX? What are the most promising WiMAX applications and business? How
are standards evolving? What are the visions of industry? What are the capabilities and
measured performance of real (commercial) WiMAX systems?
As shown in Figure 1, this book has been organized into six independent parts, covering
different aspects of WiMAX technology and its evolution. Part One overview of the current
state of WiMAX technology, serving as an introduction to WiMAX. Part Two presents
measurements and validation results carried out on real state-of-the-art WiMAX testbeds
(fixed and mobile), providing unique results on the achievable capabilities of commercial
equipment operating in real scenarios. Novel scenarios and business cases for WiMAX are
considered in Part Three. In Part Four new promising architectures for WiMAX are discussed,
including wireless sensor networks, mesh and cooperative networking as well as femtocells.
Part Five discusses several extensions to the current WiMAX, that is, new solutions that
can be used in conjunction with the current WiMAX standard. Finally, Part Six looks into
technical developments beyond the immediate WiMAX future, including PHY and MAC
evolution, prospects and visions, emerging technologies, evolution of standards, etc.
WiMAX Evolution: Emerging Technologies and Applications is a book intended for
research, development and standardization engineers working in industry, as well as for
scientists in academic and research institutes. Graduate students conducting research in
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WiMAX and next generation mobile communications will also find in this book relevant
material for further research. The Editors think that this book provides novel views and
detailed technical solutions, foreseeing future WiMAX while being a stimulating source of
inspiration for further advanced research in the field.
The Editors welcome any suggestions, comments or constructive criticism on this book.
Such feedback will be used to improve forthcoming editions. The Editors can be contacted
at wimaxeditor@es.aau.dk.
Marcos D. Katz
VTT (Technical Research Centre of Finland), Finland
Frank H.P. Fitzek
Aalborg University, Denmark
September 2008
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